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Objective.
The results of operative repair of benign strictures of the bile duct after cholecystectomy, right
hemihepatectomy, vagotomy and antrectomy, choledochal cysts in adults, and chronic
pancreatitis, with particular reference to the use of the Hepp technique for hilar strictures and
without the use of transanastomotic tubal stenting, were analyzed in 44 patients.

Summary Background Data.
End-to-side bilio-enteric anastomoses have been reported to be associated with restricturing and
reoperation in 12% to 25% of cases and operative morbidity and mortality rates of 10% and 5% to
8%, respectively. Long-term transanastomotic tubal stenting is widely practiced in an attempt to
prevent or diminish anastomotic stricturing.

Methods.
The Hepp technique of wide, accurate, mucosa-to-mucosa anastomosis between the left hepatic
duct and a jejunal Roux loop was used in 28 patients with hilar bile duct strictures. The same
technical principle of wide side-to-side anastomosis was used in most of the lower strictures.
Patients have been observed for 1 to 14 years (median, 7 years).

Results.
The operative mortality rate was 7% (3 patients), but only 2.4% (1 patient) in 41 noncirrhotic
patients. Two patients who had undergone standard end-to-side hepaticojejunostomy required
reoperation (Hepp procedures) for recurrent strictures. No recurrent strictures occurred with the
use of the Hepp technique for hilar strictures or wide side-to-side anastomosis for lower strictures.
None of these patients experienced episodes of ascending cholangitis.

Conclusions.
The Hepp approach provides a safe, durable, and highly effective solution to the problem of
strictures of the bile duct, including hilar strictures. Transanastomotic tube stenting is not
necessary.

615



Ann. Surg. * November 1993

Benign strictures of the bile ducts continue to enjoy a

considerable notoriety. This is particularly the case with
high strictures at orjust below the confluence ofthe right
and left hepatic ducts, and this notoriety is derived from
the perceived technical difficulty of surgical repair of
these strictures, reports from major tertiary referral cen-

ters of frequent restricturing, the need for one or more

reoperations in 12% to 25% of patients, 1-6 and operative
morbidity and mortality rates of 10% and 5 to 8%, re-

spectively.7 There is a widely held conception that anas-

tomoses involving the biliary tract are inherently partic-
ularly susceptible to stenosis. Accordingly, the practice
of long-term transanastomotic tubal stenting is widely
prevalent. 1-7
The results cited above refer to an end-to-side tech-

nique of anastomosis between the biliary tract, usually
the stump of the common hepatic duct, and the intes-
tine. Fifteen years ago, my attention was drawn by Pro-
fessor Maurice Mercardier to the seminal papers in the
French literature by Hepp and Couinaud8 and Soupault
and Couinaud.9 It was immediately apparent that these
approaches to the major left and right ductal systems and
their confluence would permit the realization of the pre-
requisites ofany visceral anastomosis (i.e., a wide, water-
tight, mucosa-to-mucosa apposition between healthy tis-
sues). I have used these techniques almost exclusively for
the past 15 years, and this report is a personal series of
benign strictures resulting from operative injuries,
choledochal cysts, and pancreatitis. The results of its ap-
plication to patients with primary sclerosing cholangitis
and malignant strictures ofthe bile ducts are reported in
accompanying papers.

PATIENTS AND METHODS
Etiology

Forty-six procedures were performed in 44 patients
(Table 1). The majority of strictures (26 in 25 patients)
followed cholecystectomy, with smaller numbers after
hepatic and gastric surgery. All ofthese patients were re-

ferred after primary surgery, and in many cases after at-
tempts at operative repair elsewhere. The patients with
choledochal cysts were all young adults or adolescents.

Operative Procedures
The 46 operative procedures are listed in Table 2. The

Hepp approach was used in the majority (28 proce-
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Table 1. ETIOLOGY OF BENIGN
STRICTURES

No.of No.of
Etiology Patients Procedures

Postcholecystectomy 25 26
Post-right hepatectomy 4 4
Choledochal cysts 4 5
Post-vagotomy/antrectomy 2 2
Mirizzi syndrome 1 1
Hemangiomatosis 1 1

44 46

dures). The Soupault round ligament approach9 was nec-

essary in only one patient. End-to-end anastomosis and
endoscopic dilatation of strictures were used in two pa-
tients each. Exploration of the common bile duct in the
patient with the Mirizzi syndrome revealed no residual
stricture after removal of the gallbladder. In the patient
with diffuse visceral hemangiomatosis causing multiple
areas of narrowing of the bile duct, no correction was

technically feasible.

Operative Technique

The technique for operative repair of hilar strictures
used in this personal series since 1979 is conceptually
that described by Hepp in his original article in 19568
and similar in detail to his illustrated description in
1985.'1 The dissection ofthe hilar plaque ("la plaque hi-
laire") is fundamental to the approach to the left duct.
Identification of the duct during dissection may become
apparent by the appearance of a tell-tale drop of bile
should a sinus tract be entered. Needle aspiration is valu-
able in other circumstances. The sinus opening or a small
punctate incision into the positive aspiration site is then
dilated progressively with the tip ofa "mosquito" hemo-

Table 2. OPERATIVE PROCEDURES
(n = 46)

Procedure No.

Hepp 28
Hepaticojejunostomy 6
Choledochojejunostomy 4
End-to-end anastomosis 2
Soupault 1
Transduodenal sphincteroplasty 1
Exploration of CBD 1
Endoscopic dilatation 2
Laparotomy only 1
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stat followed by the insertion of Bakes dilators until the
tip of a curved Desjardin forceps can be introduced. If a
previous end-to-side hepaticojejunostomy has been per-
formed, sharp dissection of the intestinal loop off the
base quadrate lobe (segment IV) will usually reveal a
small sinus opening. Alternatively, opening the intesti-
nal loop close to the hilum will allow a visible or palpable
identification of the stenosed anastomosis, which can
then be manipulated in a similar manner.
Once the Desjardin forceps has been introduced,

awareness of the horizontal course of the left main duct
allows it to be introduced right up to the base of the
round ligament insertion. Caudal and anterior traction
on the angled Desjardin forceps enables direct incision
of the left duct throughout its length under visual and
palpable control. The left hepatic artery usually passes
anterior to the left duct close to the base of the round
ligament recess. This is readily identifiable by careful dis-
section and the artery can be mobilized and retracted to
the left by a vascular loop, allowing incision ofthe entire
length ofthe duct. The same maneuver with a Desjardin
forms allows 1 to 2 cm ofthe right duct to be exposed and
incised in a similar manner with little or no parenchymal
dissection. This is particularly necessary in many pa-
tients with primary sclerosing cholangitis or predomi-
nantly left-sided Klatskin tumors (discussed in the ac-
companying papers) in whom wide decompression of
the right lobe is essential.

These maneuvers create a wide (2.5 to 3 cm) opening
in the left duct, the confluence, and the beginning of the
right duct if necessary. A 60-cm Roux loop, with the end
closed, is then brought up retrocolically and an equiva-
lently sized opening is made on its antimesenteric bor-
der. Preplacement of sutures in the anterior lip of the
duct opening and the posterior lips of both the duct and
jejunal openings, followed by "railroading" of the jeju-
nal loop up into the hilum, tying the posterior row of
sutures and finally completion of the anterior row is es-
sential to obtain an accurate watertight mucosa-to-mu-
cosa anastomosis. Eight to 12 sutures are used for both
the anterior and posterior rows. Monofilamentous 4/0
polydioxanone has been used almost exclusively, with
posterior knots tied on the inside and anterior knots tied
outside. The preplaced sutures are secured serially by he-
mostats to two simple hooks on the anesthetic screen be-
fore railroading. Mild collective traction on these sutures
greatly facilitates the accurate placement of succeeding
sutures. Transanastomotic tube stents were not used. A
bilateral subcostal ("buckethandle") abdominal incision
and upward and forward retraction of the costal margin
by a Doyen's retractor secured by a sling over the top of
the anesthetic screen affords excellent exposure.
The principle ofa wide side-to-side anastomosis is also

applied to anastomoses between the common hepatic or

Table 3. PROCEDURES IN 25 PATIENTS
WITH POSTCHOLECYSTECTOMY

STRICTURES

Procedure No.

Hepp-Couinaud procedure 21
Hepaticojejunostomy 1
End-to-end anastomosis 2
Endoscopic balloon dilatation 1
Operative dilatation 1

common bile ducts and the jejunum or duodenum. For
the lower anastomoses, a continuous, one layer polydi-
axonone suture is often possible, but the railroading
technique is usually preferable for anastomoses to the
common hepatic duct.

RESULTS

Postcholecystectomy Strictures

The 26 procedures performed in 25 patients are listed
in Table 3. The majority of the strictures were high: 21
were Bismuth" grade 3, 1 was grade 4, 1 was grade 2, and
only 3 were grade 1. Accordingly, the Hepp-Couinaud
approach was used for 21 structures. In the grade 2 stric-
ture, the Hepp approach was not used and an end-to-side
hepaticojejunostomy was performed. In the three grade
1 strictures, two were complete but very short and un-
derwent resection of the strictures back to unscarred
mucosa-lined duct and wide oblique end-to-end anasto-
mosis. In the third patient, the stenosis was incomplete
and was treated by three sessions of endoscopic balloon
dilatation. The single operative dilatation was performed
in a patient with a stenosis of an end-to-side
hepaticojejunostomy performed elsewhere.

Fourteen of the 25 (56%) patients had undergone at-
tempts at repair before referral: end-to-side hepaticojeju-
nostomy in 6 (on 2 occasions in one patient), mucosal
graft hepaticojejunostomy with prolonged transhepatic
stenting 3 times in 2 patients, end-to-end repair in 2 pa-
tients, and external tube drainage in 4 patients. In one of
the latter patients, the confluence ofthe major ducts and
the common hepatic duct had been excised, and after
requested advice by telephone to the operating room in
another institution, the patient was referred with trans-
hepatic silastic tubes in the right and left hepatic ducts
and two controlled external biliary fistulae.
The results obtained are given in Table 4. The median

follow-up time is 7 years (range, 1.3 to 14.5 years). Serum
bilirubin level is normal in all patients. The slightly
raised serum alkaline phosphatase level in four patients
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Table 4. RESULTS AFTER REPAIR OF
POSTCHOLECYSTECTOMY STRICTURES

(n = 26)

Follow-up 1.5-14 yr
Median 7 yr

Current serum bilirubin Normal in all patients
Current serum alkaline

phosphatase Raised in 4 patients
Recurrent cholangitis 2 patients
Reoperation 1 patient (end-to-end hepaticojejunostomy)
Hospital death 2 patients

Cerebral hemorrhage
Variceal hemorrhage

Infective complications 4 patients

was associated with established hepatic fibrosis after an-

tecedent hepaticojejunostomy (more than once in two
patients) and prolonged transanastomotic tube stenting.
However, these levels are lower than those at presenta-
tion and all are stable. Only two patients have experi-
enced ascending cholangitis. In one patient, there was a

transient episode in the early postoperative period. The
other occurred in the single patient undergoing end-to-
side hepaticojejunostomy. Restenosis was demonstrated
5 years later and a Hepp procedure was performed. This
was the single reoperation in the series. The patient re-

mains well, with normal serum bilirubin and alkaline
phosphatase levels, and is free from cholangitis 7 years
after the Hepp conversion. The patients with oblique
end-to-end anastomoses and with dilatations of stenosis
have also all done well.
Two patients died in the hospital. One patient suffered

a massive cerebral hemorrhage from a ruptured aneu-

rysm on day 5. The other patient, with established sec-

ondary biliary cirrhosis and portal hypertension, sus-

tained a massive variceal hemorrhage and died in hepatic
failure.
Four patients experienced infective complications.

There were two minor wound infections, but Pseudomo-
nas septicemia developed in a patient in whom the pre-

operative endoscopic retrograde cholangiopancreatogra-
phy examination was complicated by ascending cholan-
gitis. The final patient, with an infected preoperative
biliary fistula, had an infected collection in the hepatic
hilus that responded to percutaneous aspiration. There
were no instances ofexternal bile leakage.

Strictures After Right Hepatectomy
These patients may present formidable technical prob-

lems because the hypertrophy of the residual left lobe
makes access to the left duct much more difficult. This is
particularly the case when the hypertrophied left lobe is

also fibrotic or cirrhotic. Two of the four patients in this
series have done very well, with normal liver biochemis-
try 6 months and 6 years after a Hepp approach. The first
of these had had a right hepatectomy after trauma to the
liver and a previous end-to-side hepaticojejunostomy
performed elsewhere. The second patient had a stricture
after right hemihepatectomy for metastases from colonic
cancer. The remaining two patients had established sec-
ondary biliary cirrhosis of the residual lobe. In the first
of these, a satisfactory repair by the Hepp approach was
performed, a temporary bile duct leak occurred, and the
patient remains jaundiced 6 years later. In the final pa-
tient, exposure ofthe left duct by the Hepp approach was
impossible. A satisfactory anastomosis was achieved by
the Soupault round ligament approach,9 but the patient
experienced disseminated intravascular coagulopathy
and died 24 hours postoperatively.

Choledochal Cysts
Four patients presented as adults with pain, jaundice,

and episodes ofascending cholangitis. Three ofthem had
had previous surgical procedures. The first patient had
had a choledochocystoduodenostomy performed at the
age of 2 years. He presented to me with deep jaundice in
1973 at the age of 21 years. An end-to-side hepaticojeju-
nostomy was performed. He remained reasonably well,
but had episodes of cholangitis approximately annually
for the next 18 years. At operation in August 1991, a
tightly stenosed anastomosis was taken down and a stan-
dard Hepp procedure was performed. He is well, anic-
teric, and free from cholangitis 1 year later. The second
patient had had a previous choledochocystojejunostomy
performed. The anastomosis was tightly stenosed and
the "cyst" was lined by granulation tissue. This was ex-
cised and a Hepp procedure was performed. The patient
is anicteric and free from cholangitis 3 years later. The
third patient also had had a cystojejunostomy performed
and presented with recalcitrant episodes of cholangitis.
At operation, the anastomosis was widely patent but the
cyst was filled with debris. Dilatation involved the right
and left ducts to some extent (Todani type IV). The cyst
was excised and a 3-cm end-to-side hepaticojejunos-
tomy-en-Y was performed after frozen section confir-
mation of the presence of a normal biliary epithelial li-
ning. Cholangitis has been relieved and liver biochemis-
try is normal 2 years later.
The final patient also had a Todani type IV malforma-

tion, but with massive dilatation of the right and left he-
patic ducts as well. The cyst was excised and the right
and left ducts extensively deroofed. A 10-cm side-to-side
anastomosis was performed between a Roux loop and
the deroofed right and left ducts. The patient is asymp-
tomatic and anicteric 4 years postoperatively.
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Chronic Pancreatitis

The indication for biliary drainage was persistent
jaundice in all seven patients. One patient had un-
dergone a Whipple operation 9 months previously.
Jaundice was caused by stenosis of an end-to-side
choledochojejunostomy. This was taken down and con-
verted to a standard Hepp procedure. The patient is an-
icteric 5 years later. In an additional five patients, biliary
drainage was achieved by a 4 to 5-cm side-to-side anas-
tomosis between the bile duct and the duodenum (three
patients) andjejunum (two patients). Three patients had
concomitant longitudinal pancreaticojejunostomy per-
formed. All are well and anicteric 1 to 3.5 years later.
The final patient had the unusual pathology of a very
localized pancreatitic process in the lower part of the
head of the pancreas, producing a cholangiographic ap-
pearance suggestive ofan ampullary carcinoma, and ste-
nosis ofthe junction ofsecond and third parts of the du-
odenum. At operation, the inflammatory nature of the
process was confirmed and the problem solved by a
transduodenal sphincterotomy and duodenojejunos-
tomy. The patient is well 1 year later.

Strictures After Vagotomy and Antrectomy

Both patients were referred with external biliary fistu-
lae (T-tube in one patient) after vagotomy and antrec-
tomy. The injuries were virtually identical: transection
of the bile duct immediately below the entrance of the
pancreatic duct. In both long side-to-side anastomoses, 4
to 5 cm in length, were established between the common
bile duct/common hepatic duct and a Roux loop. In
both part ofthe circumference ofthe pancreatic duct was
incorporated in the anastomoses. A railroad technique
permitted accurate mucosa-to-mucosa apposition, and
both patients are well 10 months and 2 years later.

DISCUSSION

The results ofthis personal series over a 14-year period
indicate that the Hepp-Couinaud approach provides a
safe, durable, and effective solution to the problem ofbe-
nign bile duct strictures. The major impact is on the high
strictures where a 2.5- to 3.5-cm, accurate, mucosa-to-
mucosa, side-to-side anastomosis can be effected be-
tween a jejunal Roux loop and healthy ductal tissue by
preplacement of sutures and a railroading technique. In
the patient with a Bismuth type IV stricture, after mobi-
lization and approximation of the posterior half of the
circumferences ofthe right and left ducts, a similar anas-
tomosis could be done with longitudinal incisions in the
partially joined ducts. The same principle ofa wide side-

to-side anastomosis was applied in most of the lower
strictures.
The durability ofthe approach is reflected in a follow-

up time of 1.5 to 14 years (median, 7 years). Seventy-four
per cent of the postcholecystectomy patients have been
observed for more than 5 years and 87% for more than 3
years. No patient undergoing a Hepp procedure for a
high stricture or a wide side-to-side anastomosis for a
lower stricture has required re-intervention. The two re-
operations followed end-to-side hepaticojejunostomy
(postcholecystectomy and choledochal cyst). In both the
reoperation was a Hepp procedure, with successful out-
come. All patients, except one with a stricture after right
hemihepatectomy and established secondary biliary cir-
rhosis in the residual left lobe, are clinically and bio-
chemically anicteric. The only two instances ofrecurrent
episodes of cholangitis followed end-to-side hepaticoje-
junostomy and were relieved by Hepp procedures. The
four patients with raised serum alkaline phosphatase lev-
els all had secondary fibrosis and/or cirrhosis.
Two of the three hospital deaths occurred in patients

with biliary cirrhosis and portal hypertension. Death was
due to variceal hemorrhage precipitating hepatic failure
and not to intraoperative hemorrhage. The impact ofcir-
rhosis on mortality has been noted by others.7 Two ofthe
four infective complications were serious: Pseudomonas
septicemia and an infected intra-abdominal fluid collec-
tion in one patient each. Both were associated with pre-
operative biliary sepsis. The only example of transient
external biliary leakage occurred in a patient with a stric-
ture after right hemihepatectomy. The difficulty in ob-
taining a watertight anastomosis in these circumstances
has been mentioned above and by others.7 8
There are relatively few reports of the use of the Hepp

approach and with a substantial follow-up. Not surpris-
ingly, the longest and most durable series comes from
France. Bismuth" observed 120 patients for 10 to 20
years, with excellent results in 93%. Five late deaths oc-
curred in patients with secondary biliary cirrhosis, and
only three patients (2.5%) had recurrent stenosis requir-
ing reoperation. Transanastomotic stents were not used.

Blumgart et al.'2 reported on 63 patients treated by
stricture repair: 3 with low strictures treated by choledo-
choduodenostomy, 56 with high strictures treated by the
Hepp approach, 2 by the methods of Longmire and
Sandford,'3 and 2 by the mucosal graft technique.6 Two
patients required reoperation for anastomotic stenosis
and 8 patients had bile leaks that closed spontaneously,
one after drainage of a bile collection. The mean follow-
up period was 3.3 years. Transanastomotic tubes were
used in all patients for at least 1 month (median, 4
months) and in two patients U-tubes remain in situ. Six
patients had recurrent episodic jaundice and fever, in-
cluding the two with a Longmire-type anastomosis. One
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of the six patients became symptom-free after removal
of a long-term tube and intraductal stones lying above
the tube. Fifty-seven patients (90%) had a satisfactory re-
sult and 53 have normal liver function.

Gastrini and Pappalardo'4 also used transanastomotic
drainage for periods of 16 days to 8 months in 58 of 63
patients, 34 ofwhom had a Hepp-type anastomosis and
29 who had an end-to-side hepaticojejunostomy. Stric-
tures of the anastomoses occurred in 15.4% at intervals
of 2 months to 3 years, but it is not stated following
which types of anastomoses these stenoses developed.
Two additional series reported excellent results after the
Hepp procedure without the use of transanastomotic
stents. Fernandez's describes 39 patients observed from
1 to 1O years. There were no recurrences of stricture and
no deaths. Saber and El-Manialawi'6 reported recurrent
strictures in 2 patients with end-to-end anastomosis and
in 3 patients with end-to-side hepaticojejunostomy, but
in 0 ofthe 14 patients after a Hepp repair performed as a
first procedure. No stents were used for the Hepp repairs.
Two patients had transient bile leaks, however, the fol-
low-up period was only up to 4 years.
The need and rationale for stenting of biliary-intesti-

nal anastomoses have been the subject of prolonged de-
bate and have recently been reviewed.5'7 It has been pro-
posed that prolonged transanastomotic stenting permits
maturation and limits contraction of collagen and the
intrinsic tendency of these anastomoses to undergo stric-
ture formation. The duration ofstenting advised has var-
ied from at least 1 month'2 to a mean of 13.8 months.5
The possibility that prolonged stenting might be delete-
rious is suggested in a report where stenting for 1 to 3
months produced better results than stenting for more
than 3 months. In their recent review, Blumgart and
Thompson7 state that "three to six months is now gener-
ally considered to be the minimum period of splintage
with the tube left for 12 months in more difficult cases."
However, in major centers where stenting has been prac-
ticed extensively, doubts about the rationale and efficacy
have been expressed," 3 and Blumgart, who routinely
stented Hepp anastomoses, has reported that he has "re-
cently omitted tubes altogether in a series of 25 patients
without noticeable problems."7
The recurrent stricture rates of0% to 2.5% in the cur-

rent and the three other series of Hepp anastomoses
without stenting' 1,15,16 compare very favorably with rates
of 12% to 25% reported after end-to-side hepaticojeju-
nostomy and transanastomotic splintage, often for pro-
longed periods. Furthermore, in Bismuth's series" 70%
of patients and in the current series 56% of patients had
had one or more previous operations and attempts at re-
pair before the Hepp procedures, circumstances widely
reported to be associated with escalating rates of recur-
rence of strictures.4'5

It is evident that excellent and durable results are ob-
tained by the Hepp procedure without the use of trans-
anastomotic splintage. Rather, it is the principles and
meticulous details of the procedure, namely, construc-
tion of a wide and accurate leak-proof mucosa-to-mu-
cosa anastomosis, that are responsible for the excellent
results. These prerequisites are not regularly obtainable
with end-to-side biliary intestinal anastomoses and
transanastomotic splintage. The fact that in these stric-
tures the Hepp approach regularly permits anastomosis
to healthy, unscarred ductal tissue is also important.
However, the results obtained with the Hepp procedure
in primary sclerosing cholangitis, reported elsewhere
suggest that this is not the only factor involved in the
efficacy ofthe procedure.
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